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TO4.7 FROMFLIGEl!INW%31!IGATIONSOFA FLAT-FA~E-C~

ANDA HEMISPHERE-CONE

ByKatherineC.Speegle,LeoT. Chauvin,
md JackC.Heberlig

SUMMAKY

TWOblunt-nosemodels,a flat-face-cone~d a he~sphere-cone~
havebeenflighttestedforMachnumbersw tok.7. Theflatfacehad
a radiusof 5 inchesandthehemispherehada radiusof6.5 inches.w“ Theconicalsectionshad14.5°half-singles.Heatingdataarepresented

c forMachnumbersup to 2.2andpressuredataarepresentedforMach
d numbersup to4.6 fortheflat-face-coneandupto 4.7 forthehemisphere-

cone.Measuredstagnationheatingrateswerelowerthsntheoretical
stagnationheatingratesforbothconfigurations.Themeasuredlsminsr
heatingratesontheflatfacewerelowerthanthosepredictedby theory
whereasthemeasuredandtheoreticallaminsrheatingratesonthehemi-
spherewereingoodagreement.Onbothmodelstransitionoccurredjust
aheadofthecornerorhemisphere-conejunctureat a Machnumberof 2.
ThetransitionReynoldsnumbersbasedonmomentumthicknesswerebetween
320sad400ontheflatfacemd between840and1,140onthehemisphere.
Theturbulentheatingratesalongtheconicalsidesoftheflat-face
modelweremuchlowerthanthosefortheconicalsidesofthehemisphere-
nosemodel.

Measuredpressuresatthecornerandalongthesidesoftheflat-
face-conewerelowerthanthosepredictedby modifiedNewtoniantheory.
Measuredpressuresaroundthehemisphere-conejunctureweresamewhat
lowerthanthosepredictedby theNetioni~theory;however,thepres-
suresmeasuredalongtheconicalsidesofthehemisphere-conewerein
verygoodagreementwiththemodifiedNewtoniantheory. .
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INTRODUCTION
A

Theaerodynamic-heatingcharacteristicsofbluntnoseswe ofbasic
.

importanceinthedesignoflong-rangeballisticmissiles.TheLangley
PilotlessAircraftResearchDivisionisconductinginvestigationsto
determinetheheatingcharacteristicsforvsriousbluntnoses.(See
refs.1, 2,and3.) Presentedhereinaretheresultsof flighttests
madeattheLqngleyPilotlessAircraftResearchStationatWallops
Island,Vs.,fortwonoses:a truncatedconehavinga half-angleof
14.5°andnose-to-baseradiusratioofabout0.6wherethebasedismeter
is17.6inches,anda hemisphere-cone(half-angleof14.5°) havinga
nose-to-baseradiusratioofabout0.7wherethebasediameterisalso
17.6inches.Basicflightdataandheat-transferdataforthehemisphere-
conehavealreadybeenpublishedforMachnumibersfrom2.32to 3.14 in
reference4. ThelowerMachnwiberdatanotgiveninreference4 were
reducedandarepresentedhereininorderthata morerealisticcompari-
soncouldbe madewiththedataofthetruncatedcone.

Heat-transferdataforbothmodelssxepresentedforMachnunibers
up to 2.2andfree-stresmReynoldsnumberbasedon a lengthof1 foot
upto 14.5x 106whereasthepressuredataforbothmodelsaxepresented
forMachnut?ibersupto approximately4.7. d

CP

Cf

CP

.-

SYMBOLS

Pt - Pm
pressurecoefficient,

o●7P#m2

localskin-frictioncoefficient

specificheat,Btu/lb-%

altitude,ft

Machnumber

Stantonnumber

pressurestations(seefigs.2(a)and3(a))

P pressure,lb/sqin.abs
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q heatingrate,Btu/sqft-sec

R Reynoldsnumber

r noseradius,in.

‘l~T2>● “ ● ’18 thermocouplestations(seefigs.2(a)end3(a))

T tergperature,%

t time,sec

x surfacedistancefromstagnationpoint,in.

P densityofair,slugs/cuf%

%? densityofwallmaterial,lb/cuft

T thichess,ft

# meridiemangle,deg

Subscripts:

L

t

w

m

1

2

outsideboundsrylayer

stagnation

pertainingtowall

freestresm“

basedona lengthof1 foot “

behindnormalshock

MODELS

hdel A, Flat-Face-Cone

Thegeneralconfigurationoftheflat-face-conemdel (mcdelA) is
showninfigure1 onthelauncher.Thistestnosewasmountedonthe
forwardendof a standardNikeboosterrocketmotor,designatedJATO,
2.5-DS-5~, x216A2,whichis stabilizedby fourfinsequallyspaced

liFMDCDAS958-33319
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abouttherearward endoftherocketmotor.Thefirst-stagebooster
wasa stsmdardHonestJohnrocketmotor,designatedJATO,4-DS-105,OOO,M6. *

Thelengthofthenosewas14.25inches.Theflatfacehada radius
of5 inchesandtheconicalsectionhada baseradiusof 8.8inches.The
flat-face-cone$uncturewasroundedto a radiusof0.25inch.A sketch
ofthenosesectionisshowninfigure2(a).Thenosewasconstructed
fromInconelapproximately0.031inchthick.Theexteriorsurfaceof
theflatfacewashighlypolishedto a finishof 2 microinches(asmeas-
uredby an interferometer)whilethesidesofthemodelwerepolishedto
a finishof 5 microinches.A closeupphoto~aphofthenoseis shownin
figure2(b).ThemeasuredthiclmessesoftheskinafterpolishingEwe
presentedintable1. Forstructuralpurposethenoseskin was backed
witha layerof 3/8-inchbalsa,
whichalsoservedto shieldthe

ModelB,

mountedon a 3/8-inchmagnesiumstructure
telemeterfromthermoradiation.

Hemisphere-Cone

Theboosterandsustainersystemofthehemisphere-conemodel
(modelB)wasidenticaltomodelA. Ingeneral,theconstructiondetails
werethesameasmodelA,withmodelB havinga lengthof15.72inches.
Thehemispherehada radiusof6.5inches.Thehemisphere-conejuncture w

occurredat a point76° along thehemispherefromthestagnationpoint.
A sketchofthenosesectionispresentedinfigure3(a)anda photograph k
showingthehighdegreeofpolishispresentedinfigure3(b). Thehemi-
sphericalportionofthenosewaspolishedto a roughnessof2 to 3 micro-
inchesandtheconicalportionto a roughnessof3 to 5 microinchesas
measuredwithan interferometer.Moredetailedconstructioninformation
ispresentedinreferencek. Measuredskinthicknessesafterpolishing
aregivenintableII.

INSTKWtENTATIOfl

ModelA

An NACA10-chsmneltelemeterwascarriedintheforwsrdportionof
themodelandtrs.nsmittedwalltemperatures,pressures,andaccelerations.
Therewere18temperaturepickups.The12pickupsontheconicalsection
werecommutatedevery0.2secondandthe6 pickupsonthefacewerecom-
mutatedevery0.1second.No.30 chromel-elumelthermocoupleswere
weldedinraystotheinnersurfaceoftheskinatthestationsshownin
figure2(a).Twelvethermocoupleswerelocatedfioneraybeginningat
thestagnationpointandcontinuingtowardthebaseofthenose. Two
rayscontatiingthreethermocoupleseachwerelocated75° and255°from
thefirstrav..

“.
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In orderto reduceheatlossesto thebalsabacking,cutoutswere
madeinthebalsaintheregionof eachthermocoupleontheflatface

% by drillingl/2-inch-dismeterholesandby makinga groove1.7inches
wideby 1/8inchdeepalongeachrayofthermocouplesontheconical
section.

Thesixpressureorificesweremadeby weldingstainless-steel
ttiing(outerdismeter,0.09inch;innerdismeter,0.06inch)tothe
skinandwerelocatedalonga ray180°fromthe12-thermocoupleray.
Thepressurecellsreadabsolutepressures.

ModelB

TheinstrumentationdetailsformodelB weresimilsrtomodelA.
Therewere12 chromel-al.umelthermocoupleslocatedas showninfigure3(a).
Temperaturesweressmpledforallthermocouplesat aboutevery0.1second.
Sixpressuresweremeasuredat locationsshowninfi@e 3(a). Themodel
alsocontainedthrustanddragaccelerometers.

General

Mcdelvelocitieswereobtainedfra CWDopplerradar.Atmospheric
7 conditionsweremeasuredby meansofradiosondeslaunchednearthetime

offlightandtrackedby a RawinsetAN/GMD-IA.Trajectorydatawere
obtainedby usinganNACAmdifiedSCR-584positionradar.

TEsrs

Themodelswerelaunchedat an elevationangleof55°. TheHonest
Johnboosteracceleratedthemodelsto a Machnumberof2.2. ModelA
coastedfor0.7secondandwasthenacceleratedto a Machnmber of4.6
by theNike.Maid B hada coastperiod of1.7 secondsbeforetheNike
fired- acceleratedthemodelto a Machnuniberof4.7. Timehistories
offree-streamReynoldsnuniberbasedon a lengthof 1 foot,free-stream
Machnmber,andaltitudeforeachmodelwe showninfigure4. Atmos-
phericconditionsas obtainedfromtheradiosondemeasurementsaxepre-
sentedinfigure7.
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DATAREDUCTION

Temperaturemeasurementsforbothmodelswerereducedtoheating
ratesby usingthefollowingrelation

q
_ d!l?PTC
dt w w p,w

TheskinthicknessTw was measured(tablesI and11),thedensity
ofInconel~ wasknown,andthespecificheatof Inconel~,w as
a functionoftemperaturewasobtainedfromreference5. Therateof

temperaturechsmgewithtime $& wasfoundbymechanicallydifferenti-

atingthemeasuredtemperature-timecurve. —

Heating-RateTheories

Thetheoreticalheatingratesforthestagnationpointofboth
modelswereevaluatedby thetheoryofSibulkin(ref.6). Thestagnation-
pointtheorywasmodifiedby usingthemeasuredpressuredistributionat
a Machnumberof 2 aspresentedinreference7 fortheflatface. For
thehemisphere,Sibulkintheorywasusedalongwiththevelocitydistri-
butionofRoshotkoandCohen(ref.8).

Thetheoryforthelaminarheat-transferdistributionalongthe
hemispherewastakenfromreference9. Thetheoryforthelaminerheat-
transferdistributionacrosstheflatfacewasdeterminedby thetheory
ofStinesmdWariLass(ref.10)inconjunctionwiththepressuredistri-
tionfromreference7. Thistheoryispresentedforonly70percentof
theflatfacesincetheevaluationofthepressure-gradientpsmmeter
forthistheorybecomesinaccurateasthecorneroftheflatfaceis
approached.Lees’blunt-nosetheory(ref.9)wasusedfortheflatface
also.Themeasuredpressuredistributionacrossthefaceas shownin
reference7 andthemeasuredpressuresalongthe0.25-inchradiusofthe
corneraspresentedinthisreportwerefairedendusedto gettheveloc-
itydistributionforthisspecificblunt-noseshape.

ThetheorypresentedforthesidesofbothmodelsisVanDriest’s
conicaltheory(ref.11)withtheassm@ion thatthelengthusedinthe
Reynoldsnumberisthesurfacelengthfromthestagnationpointendthat
Yst = o.~cf.

“J ‘

k-

.

.
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LocalConditions

ThelocalconditionsformodelA werecalculatedby usingthe
experimentalflat-facepressuredistributionfor Mm= 2 ofreference7.
Thesixmeasuredpressureswereusedto calculatelocalconditionsfrom
theflat-face-conejuncturebackalongthesideof thenose. Themost
rearwardpressuremeasurementwasassumedconstantfortheremaining
conicalsection.

ThelocalconditionsformodelB werecalculatedforthehemisphere
by usingmodifiedNewtoniantheory(ref.12). Thepressuresoverthe
conicalportionofthenoseweremeasuredendusedforobtaininglocal
conditions.

RESULTSANDDISCUSSION

PressureMeasurements

ModelA.-Pressuresweremeasuredneerthecornerandonthesides
ofmodelA atthelocationsshowninfigure2(a). Theratiosofthe
measuredlocelpressureto thetotalpressurebehindthenormalshock
areshownforseveralMachnunibersinfigure6(a)alongwiththemeasured
pressureratiosfortheflatfacesofreferences7 and13. Fortheflat-
faceportionofthenosethetheoreticalpressuredistributionofMaccoll
andCoddforMachnuniberof 1.5(ref.14)ispresented.Thedataobtained
fromthemeasurementsonthetwoflatfacesme Ingod agreementwith
theMaccollandCoddtheoryandsubstantiateitsuselaterinthisreport
to obtainheat-trsnsfertheoryontheflatface. Resultsobtainedwith
theuseofthemodifiedNewtoniantheoryforMachrnnnbersof1.5and4.55
(ref.12)alongtheconicalsideofthenoseme alsoshown.Themeas-
urementsonthe0.25-inchradiusoftheflat-faceconeeremuchlower
thantheoryandsrepossiblydueto separationor overexpsmsion.After
thecornerthepressuresonlytendto approachthosepredictedby the
Newtoniantheoryfora blunt-noseconeforthelowerMachnumbersbut
reachthosepredictedby thetheoryforthehighestreportedMachnumiber,
whichiS4.55. Thisisa normaltrendsinceoverexpansiondecreaseswith
ticreasingMachnumber.

Figure6(b)alsoshowsthemeasuredpressuresintheformofpres.
surecoefficientsalongwiththemeasurementsofreference13andthe
theoryofreference1.2(Newtonianblunt-nosetheory).Thecoefficients
showa ratherlsrgeMachnumbereffectandpossiblya Reynoldsnuniber
effectaroundthecorner.Againitmaybe notedthattheoverexpansion
islargerforthelowerMachnumbers.Theexperimentaldataonlytend
to approachNewtoniantheory,withtheleast-eqandedhigherMachnumber
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dataalongtheconicalsidesshowingthebestagreement- thelowerthe
Machnumber,theprogressivelypoorertheagreement.

ModelB.-PressureswerealsomeasuredonmodelB forstationloca-
tionsonthehemisp~reandontheconicalsidesas showninfigure3(a).
Theratiosofthemeasuredlocalpressureto thetotalpressurebehind
thenormalshockaregivenforseveralMachnumbersinfigureT(a) along
withNewtoniantheoryfortheentirebluntshape.Thedataareingood ,
agreementwiththeoryexceptintheregionaroundthehemispherical-cone
juncturewherethepressuressrereducedprobablyfrmnoverexpansion.
Thedataareinverygoodagreementwiththeoryontheconicalsides.

ThemeasuredpressuresarepresentedformodelB aspressurecoef-
ficientsinfigure~(b).ThegoodagreementwithNewtoniantheoryis
againnotedexceptinthevicinityofthehemisphere-conejuncture.
ThelowerMachnumberdatashowa strongoverexpansionwiththeexpan.
siondecreasingwithincreasingMachnuniber.Fora Machnumberof4.7,
theexpansionisbarelydetected.TheReynoldsnunberalongwithMach
numbermayalsohavesomeeffect.

General.- ThemeasuredpressuresonbothmodelA andmodelB indi-
catean overexpansionnesrthejuncturesofthefacesandsidesofthe
noses.Theexpansionismuchgreaterfortheflat-face-conewiththe
pressuresremaininglowerthanthoseobtainedby usingtheNewtonian
theoryalongtheconicalsides.Thepressuresalongtheconicalsides
ofthehemisphere-conemodelareinverygoodagreementtitertheslight
overeqmnsionatthejuncture.

HeatTransfer

ModelA.-Thefairedtemperature-timecurveforeachmeasuring
stationis shownformodelA infigure8. Temperaturechannelteleme-
teringfailedat sustainerfiring;therefore,temperaturesarepresented
foronlyO to 5.6secondsoftheflight.Thetemperaturedistributions
acrossthefaceendalongthesideofthenoseareshownforseveral
timesandMachnumbersinfigure9. Trsmsitionisindicatedby the
suddenriseintemperaturebetweenthe70-and~-percehtflat-face
stations.Thetemperaturesintheregionaroundthecornerstaylow
fortheentiremeasuringperiodwiththestationjustafterthecorner
x/r= 1.2 havinga maximumtemperatureriseofabout30°,lessthan
one-halfthelsminartemperatureriseoftheface.

Themeasuredheatingratesarepresentedforthe18temperature
stationsasa variationwithtimeinfigure10. Thestagnationpoint
heatingratespredictedby theSibullsintheory,modifiedfora flat
face,sreshowninfig~e 10(a)alongwiththemeasuredheatingrate.

.
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At thepointofmaxtiummeasuredheatingratethemeasuredrateisonly
@ percentofthepredictedrate. Forearlierflighttimes,themeasured
rateislessthan&ipercentoftheory.However,datame lessreliable
at theseesrlierttiesbecauseofthelowratesbeingmeasured.Previous
tests(ref.15) onablun~-nosemodelhavealsoshownratesofaround
@ percentofthatpredictedby theory.Sincethereferencemodelwas
notbackedwithbalsa,itisfeltthatthisdisagreementwiththeoryis
probablynotan indicationofheatlosstothebackingmaterial.Heating
ratesforthreepointsaroundtheconicalsectionofthenose- allthe
samedistsmcefromthestagnationpoint- areshowninthetopplotof
figure10(d)forcomparison.Theheatingratesforstation18 areas
muchas 20percentlowerthanthoseforstation12butbothme still
ofa turbulentlevelaswillbe notedlater.

Figure11 showstheratioofthemeasuredheatingrateacrossthe
flatfaceto thetheoreticalstagnationheatingrateforseveralMach
numbers,alongwiththetheoreticallaminardistributionsofStineand
WanlassandofLees,basedonthepressuredataofreference7. The
measurementsfallfarbelowtheoryforall.Machnranbersup to the
50-percentstation.Transitionapparentlyis stsrtingbetweenthe70-
snd95-percentstations.Eventhoughthemeasurementsonthecorner
generallyfalllowerthanthelsminsrmeasurementsontheflatface,

w’ theysrehigherthanlsminartheoryandindicateturbulence.

Theratioofmeasuredheatingrateontheflatfaceto themeasured
w stagnationheatingrateis showninfigure12. Thetheoriesof Stine

andWem.lassandofLeesme alsoshown.Thepercentagevariationofthe
heatingrateacrossthefaceagreeswell~th thelsminsrtheoryuntil
transitionbeginsbetweenthe70-percentand95-percentstations.The
95-percent-stationmeasurementsaresomewhathigherthantheoryand
indicatetransition.

Distributionsoftheheatingratesfortheentireflat-face-cone
nosesreshowninfigure13forfourdifferentflighttimes;alsoshown
sxethedistributionsof localReynoldsn@erj 10CSJMach nmberj ~d
ratioofwalltemperatureto localstatictemperature.Theflat-face
portionof thedataispresentedagaininthisfigureonlyto showthe
comparisonofheatingratesonthesideswiththoseontheflatface.
Theexpansionoccurringat theflat-face-cone$mctureresultsinheating
ratesof a lsminarlevelaftertransitionalflowexistedat thelast
station,Rz = 4.5x 106 ontheflatface. Thedataindicatethatthe
heatingr=ins atthelsminarlevelforapproximately1 inchafterthe
corner.Themeasuredheatingratesintheregionsroundthecornerfor
thetestMachnumbersbetween1.5and2.2sreingoodagreementwiththe
Leesblunt-nosetheoryextendedpastthecorner.Thedataareslso
approximatelyonthesamelevelas thosepredictedby theVanDriest
conicalleminsxtheory.Intheabsenceofa simplemethodforpredicting
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heatinginthelow-pressureregionatthecorner,theVsmDriesttheory
appesrstobe adequate.Themeasuredturbulentheatingratesalongthe
conicalsurfaceofthenoseagreewellwiththeratespredictedby the
VanDriestconicalturbulenttheoryby assmingthepressuresmeasured
fortemperaturestation10 existalongtherearportionofthecone.
Theresultspredictedby theVsmDriestconicalturbulenttheoryisalso
presentedforthecaseinwhichthemodifiedNewtonianpressuredistri-
butionisassumed.Themeasuredheatingrateis showntobe lowerthan
thatwhichmightbe esttiatedby usingthistheoreticalpressure
distribution.

ModelB.-Fairedcurvesforskin-temperaturemeasurementsforthe
esxlypartoftheflightformodelB srepresentedinfigure14as a
functionoftime. Crossplotsofthetemperatureare--presentedin
figure15as a functionof x/r forseveraltimesandMachnumbers.
At 4.7secondsandlater,transitionisindicatedforstation9
(x/r= 1.33),thetangentpointofthehemisphere-cone,by thesudden
riseintemperature.

Themeasuredheatingratesaregiveninfigure16asa functionof
timeforalltemperaturemeasuringstations.Themsximummeasmed
stagnationheatingrateis87.5percentofthehemisphericalstagnation-
pointheatingrateasgivenby Sibulkin. ‘i

Themeasuredheatingratesforthehemispheresregiveninfigure17
as a ratioofmeasuredheatingratetotheoreticalheatingrateatthe w
stagnationpoint(ref.6) asa functionof x/r forv=iousMachnumbers.
Thefigureshowsthattransitionbeginsbetweenstation~ (x/r= 0.78)
andstation8 (x/r= 1.05)for ~ = 2.0and2.2. TheReynoldsnumber
basedonmomentumthickness,as computedfromreference16, at station8
isapproximately1,150.Experimentendtheoryareinrathergoodagree-
mentfortheforwardportionofthehemisphere.

Experimentalheatingratesaroundthehemisphereas a percentof
experimentalstagnationheatingratesareshowninfigure18. Theper-
centagevariationisagaininverygoodagreementwiththeory,andtransi-
tionisagainshownto occurbetweenstation7 andstation8 for
M. = 2.0and2.2.

Distributionsoftheheatingratesfortheentirenosesectionof
thehemisphere-coneaxeshowninfigure19forseveralMachnumbers;
alsoshownarethedistributionsof localReynoldsnumiber,localMach
number,andratioofwalltemperatureto loc~ statictemperature.For
Mm = 1.7,transitionpossiblyo~cursbetweenx/r= I-.64and2.10

(RZ between8.5and11.5~ 106).Thisisbetween2 and5 inchesbehind
thehemisphere-conejunctureandisshowninfigure19(a).Thisindication

.

.
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oftrmsitionmaybe dueto a straypointinthedatainasmuchasthe
laststationonthecone(x/r= 2.82)appearstobe lsminar.Fig-
ure19(b)showstransitionatthemostresx’ws.rdstationonthecone

(‘z = 17.2x 106)andthisstationis9.72inchesfromthepointof
tsngencyforthehemisphere-cone.

As hasbeenstatedpreviously,tr=sitionOCCmS onthehemisphere
for x/r betweenO.78and1.05(Rz between6.o~d 6.5x 106)for
Mm = 2.0smd2.2 as showninfigures19(c)and19(d).For ~=2.0,
theheatingratedoesnotreacha fu31yturbulentleveluntil x/r= 2.82.
Theheatingratereachestheturbulentlevelfor ~ = 2.2 at
x/r= 1.33,whichisthehemisphere-conetangentpoint.Resultsobtained
withtheVanDriestconicallsminarad turbulenttheoriesby usingmeas-
uredpressuredistributionsgiveaccuratepredictionsfortheheating
ratesalongtheconicalprtionofthehemisphere-cone.Modified
New%onismpressuredistributionssreinexcellentagreementwiththe
measuredpressuresinpredictingheatingrateson theconicalsides.

General ● - Theratiosof heatingrateto hemispheresta~tion theory
heatingratesrepresentedinfigure20 forbothflat-face-coneandthe. hemisphere-conenosesat Mm= 2.2. Transitionoccurredforbothmodels
at x/r=+0.9. TheReynoldsnumberoftransitionbasedonmomentum

w thicknessontheflatfacewasbetween320and400. Forthehemisphere
itwasbetween840and1,140.Thelsminsrheatingratebeforetransition
ontheflatfacewas40 to 50percentlowerthanthehemisphereheating
rate. However,thesreaof l~ina heati~ontheflatfaceisbetween
0.29and0.40squarefootandonthehemispherebetween0.46and0.62
squm?efoot,themea oflaminsrheatingontheflatfacebeingonly
60 to 80percentof theareaonthehemisphere.Themaximumheating
ratealongtheconicalsidesofthehemisphere-conewasabout1~ percent
greaterthantheheatingrateontheconicalsidesoftheflat-face-cone.

CONCLUDINGREMARKS

Flighttestshavebeenmadeontwoblunt-noseshapes,onea flat
faceandtheothera hemisphere,bothhavfig14.5°hal-f-~leconical
sides.Boundsry-layertransitionoccurredontheflatfacejustbefore
thecornerforMachnumbersof 1.5and2.2. Transitionoccurredonthe
conicalsidesofthehemispheremodelforMachnumbersfrom1.5to 1.8
andonthehemispherejustbeforethehemisphere-conejunctureforMach
nmbersfrom2.0to 2.2. Thelsninsrheatingrateontheflatfacewas
approximately40 to 50percentlowerthanonthehemisphere.However,
theareaof lsminarheatingon theflatfaceisbetween0.29snd0.40.
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squarefootendonthehemispherebetween0.46and0.62
theareaof hninsrheatingontheflatfacebeingonly
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.
squarefoot,
60to 80percent

ofthemea onthehemisphere.Themaximumturbulentheatingratealong .
theconicalsidesofthehemisphere-conewasabout100percentgreater
thanthemaximumturbulentheatingrateontheconicalsidesofthe
flat-face-cone.

Themeasuredpressuresatthecornerandalongthesidesofthe
flat-face-conearelowerthanthosepredictedby modifiedNewtonian
theory.Measuredpressuresaroundthehemisphere-conejunctureexe
alsosomewhatlowerthanthosepredictedby theNewtoniantheory;how-
ever,themeasuredpressuresalongtheconicalsidesofthehemisphere-
conemodelwe inverygoodagreementwithmodifiedNewtoniantheory.

LsmgleyAeronauticalLaboratory,
NationalAdvisoryCommitteeforAeronautics,

LangleyField,Vs.,Februsry4, 1958.

.

.
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STATIONLOCATIONANDSKII’1

FORMODELA

Station
(seefig.2(a))

T1
T2
T3
T4
T5
T6
T7
T8
T9

Tlo
’11
Tu

T13
T14

%5
T16

T17
’18

PI
P2
P3
P4
P5
p6

x/r

o
●3
.5
.7
.95
● 97

1.10
1.20
1.50
2.00
2.70
3.60
1.60
2.4o
3.60
1.60
2.40
3.60

0.95
*97

1.10
1.20
1.50
2.00

THICKNESS

Skinthickuess,
in.

0.029
.027
.028
.030
.025
.022
.021
.020
.023
.026
.025
.027
.027
.027
.028
.024
.026
.028



TAELEII

STATIONLOCATIONANDSKIN

FORMODELB

TECCKNESS

Station
(seefig.3(a)) I x/r

Tl
T2
T3
T4
T5
T6

T7
T8
T9

Tlo
TU

T-12

o
,17
.30
.42
.54
.66
.78

1.05
1.33
1.64
2.10

2.82

PI
P2
P3
P4
P5
p6

0.95
1.13
1.33
1.50
1.67
2.74

Skinthickness,
in.

0.024
.025
.026
.025
.02’5
.023
.024
.027
.028
.031
.030
.030

NACARM L58B18
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